Background {#Sec1}
==========

Gastrointestinal (GI) cancers are the most common human tumor worldwide, and the incidence and mortality are increasing every year \[[@CR1], [@CR2]\]. Several treatment strategies have been developed for GI cancers, including surgery, chemotherapy, radiotherapy, and molecular targeted therapy \[[@CR3]\]. These approaches have led to improvements in the treatment of patients with GI cancers. However, the overall survival of GI cancer patients remains poor. Thus, a novel approach to the treatment of GI cancers is needed.

Because the antigens of tumor cells are "self" antigens, the immune system is unable to recognize cancers. Thus, tumors are able to escape the host immune response through a variety of mechanisms at the level of the tumor microenvironment \[[@CR4]\]. These mechanisms include but are not limited to (1) the amplification of immunosuppressive cells \[e.g., T regulatory cells (Tregs) and myeloid-derived suppressor cells\]; (2) the expression of negative co-stimulatory molecules (also known as immune checkpoints) \[e.g., cytotoxic T lymphocyte antigen-4 (CTLA-4), programmed death-ligand 1 (PD-1)\]; and (3) the secretion of immunosuppressive cytokines and chemokines \[e.g., interleukin-10, transforming growth factor-β\] \[[@CR5]\]. One effective cancer immunotherapy strategy is to use the altered immune system of patients to fight cancer. Early approaches of cancer immunotherapy utilized the transfusion of certain types of cytokines or immune cells, such as high-dose interleukin-2, interferon-α, or cytotoxic T lymphocytes, directly into patients. A considerable number of these studies failed because of the heavy toxicity and low efficacy of the treatments, which was attributed to the probable activation of autoimmune reactions or the immunosuppressive tumor environment \[[@CR6]--[@CR8]\]. Despite these challenges, progress in developing tumor immunology is leading to an era of successful cancer immunotherapy.

Recently, the effectiveness of immunotherapy targeting immune checkpoints in the treatment of numerous forms of cancers has been studied. PD-1, an immune checkpoint, plays a major role in tumor immune escape \[[@CR9], [@CR10]\]. The interaction of PD-1 and its ligand PD-L inhibits the function of T cells and tumor-infiltrating lymphocytes (TILs) while increasing the function of immunosuppressive Tregs in the tumor microenvironment \[[@CR11]\]. Clinical trials of antibodies against PD-1 and PD-L are being conducted and have demonstrated success in various types of tumors such as advanced melanoma, non-small-cell lung cancer (NSCLC), and renal cell carcinoma (RCC) \[[@CR12]--[@CR14]\]. In this review, we evaluate the current studies and propose precision PD-1/PD-L blockade immunotherapy in GI malignancies including esophageal, stomach, liver, biliary tract, pancreatic, colorectal, and anal cancers.

PD-1 and its ligands {#Sec2}
====================

The myriad of genetic and epigenetic variations and alterations that are features of all cancers supply a varied set of antigens that are utilized by the immune system to distinguish tumor cells from their normal counterparts. Regarding T cells, the ultimate extent and quality of the response is regulated by a balance between co-stimulatory and inhibitory signals, which are initiated through antigen recognition by the T cell receptor (TCR) \[[@CR15]\]. Co-stimulatory and inhibitory molecules (also named immune checkpoints) are crucial for the maintenance of self-tolerance and the protection of responses to pathogenic infection under normal physiological conditions. However, the expression of immune checkpoints, an important cancer immune escape and resistance mechanism, can be dysregulated by tumors at both messenger RNA and protein levels \[[@CR16]\].

T cells have become the core of cancer immunotherapy efforts owing to their capacities to selectively recognize peptides derived from the cytolysis tumor cells, directly recognize and kill antigen-expressing cells, and integrate adaptive and innate effector mechanisms to orchestrate diverse immune responses such as helper and regulator T cells \[[@CR17]\]. Therefore, the blockade of immune checkpoints to reactive T cells mediated antitumor immune responses in a fashion that is transforming human cancer therapeutics.

PD-1, also known as CD279, is a cell surface co-inhibitory receptor that induces immune inhibition and promotes tumor immune escape from the cytotoxic T cell immune response during carcinogenesis \[[@CR18]\]. PD-1 is predominantly expressed on immunity-associated cells such as T cells, monocytes, B cells and natural killer cells. The PD-1 gene is located on chromosome 2q.37.3 and encodes a type I transmembrane protein belonging to the immunoglobulin superfamily-coordinated stimulus molecule, the main function of which is immunological regulation in autoimmunity, systemic lupus erythematosus, rheumatoid arthritis, viral infection, and transplant immunity as well cancer immunology. The structure of PD-1 is similar to the diverse region of immunoglobulin, and it contains an extracellular domain, a transmembrane region and a cytoplasmic tail. The cytoplasmic tail possesses an immune receptor tyrosine-based inhibitory motif (ITIM) and an immune receptor tyrosine-based switch motif (ITSM) \[[@CR19]\]. Studies have demonstrated that the T cell receptor (TCR) signaling pathway can be inhibited by phosphorylation of these two tyrosine motifs (ITIM and ITSM) and further induce the src homology phosphotyrosyl phosphatase (SHP)-1 and SHP-2 proteins, which are essential for the inhibition of T cell activation (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1PD-1/PD-L pathway and therapeutic targeting. PD-1 contains an extracellular domain, transmembrane region, and cytoplasmic tail with ITIM and ITSM. During T cell activation through TCR crosslinking with antigen presented by MHC, PD-L1, and PD-L2 expressed on cancer cells downregulate T cell activity by binding to PD-1, unless blocked by anti-PD-1/PD-L1/PD-L2. *Red arrows* indicate inhibitory signals, and *green lines* indicate stimulatory signals

Several studies have been devoted to the discovery of molecules that interact with PD-1. Programmed cell death ligand-1 (PD-L1), also called B7 homolog 1 (B7-H1) or CD274, was previously identified as an inhibitor of the human T cell response in vitro. PD-L1 was later determined to be a binding and functional partner of PD-1 \[[@CR20]\]. Another ligand of PD-1, PD-L2 (B7-DC or CD273), was identified by Latchman et al. in 2001. PD-L2 is selectively expressed on dendritic cells and inhibits TCR-mediated responses through interactions with PD-1 (Fig. [1](#Fig1){ref-type="fig"}). Moreover, PD-L1 and PD-L2 do not only interact with PD-1. CD80, a functional ligand for CD28 and CTLA-4, has been shown to collaborate with PD-L1 to mediate an inhibitory signal. Interactions between the PD-1 receptor and its ligands can regulate immune checkpoints, a process that modulates the duration and amplitude of immune responses. These checkpoints are often dysregulated by tumors; thus, they appear to be of extreme importance within a variety of tumors. Moreover, it can lead to the development of an exhausted T cell phenotype characterized by a hierarchical loss of proliferation and cytolytic activity followed by defects in cytokine production and eventually deletion. Therefore, blocking the interactions between PD-1 and its ligands can partly reduce the effect of tumor immune escape and rescue the cytotoxic cell-induced immune response \[[@CR21]\].

PD-1 is expressed on a large proportion of tumor-infiltrating lymphocytes (TILs) from many different cancer types. PD-L1 is expressed in 20--50% of human tumors and can provide immune evasion in many cancers by its overexpression (PD-L1 or PD-L2) and an augmented tumor immune response by its (PD-1) abrogated ligand interaction \[[@CR22]\]. Based on the crucial role of the PD-1/PD-L pathway in the reciprocal actions between tumor cells and the host immune response, blocking the PD-1/PD-L pathway has been considered a promising and potent therapeutic strategy in tumor inhibition (Fig. [1](#Fig1){ref-type="fig"}).

Since tumors can escape the T cell immune response by expressing inhibitory molecules such as PD-1 or PD-L1, blocking the PD-1/PD-L pathway by interfering with binding between PD-1 and its ligands may become a therapy for the treatment of cancer.

The lessons learned regarding PD-1/PD-L blockade in GI malignancies {#Sec3}
===================================================================

Esophageal cancer {#Sec4}
-----------------

Ranked as the sixth leading cause of cancer-related morbidity worldwide, esophageal cancer is one of the least studied but most lethal medical conditions \[[@CR23]\]. Compared with other solid tumors, esophageal cancer has a very high somatic mutation rate \[[@CR24], [@CR25]\]. The high mutation load in esophageal tumors has been associated with the clinical benefit of PD-1 blockade \[[@CR26]\]. Ohigashi and colleagues evaluated the expression of PD-L1/PD-L2 in 41 esophageal cancer patients and found that 43.9% of samples exhibited PD-L1/PD-L2 overexpression \[[@CR27]\].

Pembrolizumab is a PD-1 inhibitor that blocks the interaction between PD-1 and PD-L1 \[[@CR28]\]. Doi et al. conducted a phase I clinical trial designed to evaluate the safety and efficacy of pembrolizumab in patients with PD-L1^+^ advanced esophageal carcinoma \[[@CR28]\]. PD-L1 expression was assessed using immunohistochemistry (IHC) in tumor or stroma. Of the 23 enrolled patients, the objective response rate (ORR) was 30.4%, and the stable disease (SD) rate was 13.0%. Furthermore, the 6-month and 12-month progression-free survival (PFS) rates were 30.4 and 21.7%, respectively. The authors concluded that pembrolizumab showed meaningful activity in patients with PD-L1^+^ advanced esophageal carcinoma. Similarly, Kojima et al. conducted a phase II study of nivolumab, a fully humanized IgG4 mAb PD-1 inhibitor, in patients with advanced esophageal cancer \[[@CR29]\]. Sixty-five patients with esophageal carcinoma who had previously been treated one or more times and were not pre-selected by PD-L1 status were enrolled in this trial, and 64 patients were evaluable for efficacy. The median overall survival (mOS) was 12.1 months, and 17.2% (11 of 64) patients had an objective response (OR). Nivolumab also demonstrated durable antitumor activity in pretreated esophageal cancer. The ORR of pembrolizumab is almost twice that of nivolumab in esophageal cancer, but the trial populations were different: pembrolizumab was used for PD-L1^+^ patients, whereas nivolumab was used for unselected patients. PD-1/PD-L blockade alone or combined with radiotherapy and chemotherapy will be a future research direction in the treatment of advanced esophageal cancer (Table [1](#Tab1){ref-type="table"}).Table 1The key reported clinical trials of of PD-1/PD-L inhibitors in patients with esophageal cancerTumor typeTargetDrugPhase and identificationSample sizeClinical end pointTRAEsReferenceECPD-1NivolumabPhase II\
JapicCTI-14242264ORR 17% (central assessment), 22% (investigator assessment); DCR 42% (central assessment), 53% (investigator assessment)All grade 60%, including diarrhea, decreased appetite, lung infection, rash, fatigue; grade ≥3 17%, including decreased appetite, lung infection, blood creatinine phosphokinase increased, dehydrationLancet Oncology 2017 \[[@CR133]\]ECPD-1NivolumabPhase II\
JapicCTI-14242264ORR 17.2%; SD 25.0%; median OS 12.1 mDrug-related serious AEs 13.8%, including lung infection, dehydration, interstitial lung diseaseASCO 2016 \[[@CR29]\]ECPD-1PembrolizumabPhase I\
NCT0205480623ORR 30.4%; SD 13.0%; 6-month PFS rate 30.4%; 12-month PFS rate 21.7%All grade 39.1%, including decreased appetite; grade 3 26%, including decreased lymphocytesASCO 2016 \[[@CR28]\]ECPD-1PembrolizumabPhase Ib\
NCT0205480623ORR 23%; SD 18%; PD 59%All grade 26%; grade 3 9%ASCO 2015 \[[@CR151]\]

Gastric cancer {#Sec5}
--------------

The Cancer Genome Atlas network divides gastric cancer (GC) into four molecular subtypes: (1) Epstein-Barr virus (EBV)-positive tumors, (2) microsatellite instable tumors (MSI), (3) genomically stable (GS) tumors, and (4) tumors with chromosomal instability (CIN) \[[@CR30]\]. PD-L1 expression by tumor or tumor-infiltrating immune cells is a general phenomenon in EBV and MSI subtypes, supporting the detection of PD-L1 in these patient populations and the assessment of EBV and MSI status as a key factor in immunotherapy for gastric cancer \[[@CR31], [@CR32]\]. Furthermore, the expression of PD-L1 in cancer cells and the microenvironment may contribute to the development of EBV-associated GC, and PD-L1 overexpression is associated with large tumors, lymph node metastasis, and a poor prognosis in gastric cancer \[[@CR33], [@CR34]\].

A phase I study of the relationship between PD-L1 expression in advanced gastric cancer patients treated with pembrolizumab and clinical effectiveness was conducted by Muro and colleagues \[[@CR35]\]. PD-L1 positivity was determined using a 1% cutoff level for PD-L1 expression in neoplastic cells and contiguous mononuclear inflammatory cells by IHC 22C3 assay. A total of 162 patients were screened for PD-L1 expression, and 65 patients (40%) were PD-L1^+^; a total of 39 patients enrolled in the trial and 36 patients were evaluable for a response. ORR was 33% by investigator review. These results indicated that pembrolizumab exhibited antitumor activity in PD-L1^+^ advanced gastric cancer. Most recently, a clinical phase III trial was conducted to assess the efficacy and safety of nivolumab in patients with unresectable advanced GC/GEC \[[@CR36]\]. A total of 493 patients who had failed previous chemotherapy regimens were enrolled. The primary endpoint was OS in the intention-to-treat population. The trial reported that the mOS was 5.32 months among patients with nivolumab versus (vs*.*) 4.14 months among patients with placebo, and the OS rates at 6 and 12 months were 46.4 vs*.* 34.7% and 26.6 vs*.* 10.9%, respectively. The ORR was 11.2% with nivolumab vs*.* 0% with placebo. The median PFS was 1.61 months with nivolumab vs*.* 1.45 months with placebo (Table [2](#Tab2){ref-type="table"}).Table 2The key reported clinical trials of of PD-1/PD-L inhibitors in patients with gastric cancerTumor typeTargetDrugPhase and identificationSample sizeClinical end pointTRAEsReferenceGC/GECPD-1NivolumabPhase III\
NCT02267343493ORR 11.2% (nivolumab), 0% (placebo); median PFS 1.61 months (nivolumab), 1.45 months (placebo); median OS 5.32 months (nivolumab), 4.14 months (placebo)Grade ≥3 11.5% (nivolumab), 5.5% (placebo)ASCO 2017 \[[@CR36]\]GC/GECPD-1NivolumabPhase I/II\
NCT0192839459ORR 12% (all), 18% (PD-L1^+^), 12% (PD-L1^−^); median DOR 7.1 months; median OS 6.8 months; 12-month OS rate 38%All grade: 66%; grades 3--4 14%, including pneumonitis, fatigue, diarrhea, vomiting, hypothyroidism, increased aspartate and alanine aminotransferase and alkaline phosphatase levels.ASCO 2016 \[[@CR78]\]GC/GECPD-L1AvelumabPhase I\
NCT0177200475ORR 15% (2 line group), 7% (switch-maintenance group); median PFS in 2 line group 36.0 weeks (PD-L1^+^), 11.6 weeks (PD-L1^−^); median PFS in switch-maintenance group 17.6 weeks (PD-L1^+^), 11.6 weeks (PD-L1^−^)TR-TEAEs of any grade 62.7%, including infusion-related reaction; grade ≥3 TR-TEAE 12.0%, including fatigue, thrombocytopenia, and anemiaASCO 2016 \[[@CR152]\]GCPD-1PembrolizumabPhase II\
NCT02335411259ORR 11.2% (all), 14.9% (3 line), 7.2% (4 line), 15.5% (PD-L1^+^), 5.5% (PD-L1^−^), 21.3% (3 line with PD-L1^+^), 6.9% (4 line with PD-L1^+^); SD 17%; PD 55.6%; Median DOR: 8.1 monthsGrades 3--5 16.6%ASCO 2017 \[[@CR153]\]GCPD-1Pembrolizumab + 5-fluorouracil + cisplatinPhase II\
NCT0233541125ORR 60% (all), 68.8% (PD-L1^+^), 37.5% (PD-L1^−^); SD 32%; PD 55.6%; median DOR 4.6 months (all), 4.6 months (PD-L1^+^), 5.4 months (PD-L1^−^); median PFS 6.6 months; median OS13.8 monthsGrades 3--4 76%ASCO 2017 \[[@CR154]\]GCPD-1PembrolizumabPhase I\
NCT0184883436ORR 22% (central review), 33% (investigator review)Any grade 67%, including fatigue, decreased appetite, hypothyroidism, pruritus and arthralgia; 5 (13%) patients had a total of 6 grades 3--4 TRAEs, including fatigue, pemphigoid, hypothyroidism, peripheral sensory neuropathy, pneumonitis.Lancet Oncology 2016 \[[@CR35]\]GCPD-1Nivolumab; nivolumab + ipilimumabPhase I/II\
NCT01928394154ORR 16% (all), 14% (nivolumab 3 mg/kg), 26% (nivolumab 1 mg/kg + ipilimumab 3 mg/kg), 10% (nivolumab 3 mg/kg + ipilimumab 1 mg/kg); DCR 38%; 12-month OS rate 36% (nivolumab 3 mg/kg), 34% (nivolumab 1 mg/kg + ipilimumab 3 mg/kg), NA (nivolumab 3 mg/kg + ipilimumab 1 mg/kg); median OS 5.0 months (nivolumab 3 mg/kg), 6.9 months (nivolumab 1 mg/kg + ipilimumab 3 mg/kg), 4.8 months (nivolumab 3 mg/kg + ipilimumab 1 mg/kg)Any grade 70% (nivolumab 3 mg/kg), 84% (nivolumab 1 mg/kg + ipilimumab 3 mg/kg), 75% (nivolumab 3 mg/kg + ipilimumab 1 mg/kg); grades 3--4: 17% (nivolumab 3 mg/kg), 45% (nivolumab 1 mg/kg + ipilimumab 3 mg/kg), 27% (nivolumab 3 mg/kg + ipilimumab 1 mg/kg)ASCO 2016 \[[@CR155]\]GCPD-1PembrolizumabPhase I\
NCT0184883439ORR 22% (central review), 33% (investigator review); median DOR 24 weeks; 6-month PFS rate 24%; 6-month OS rate 69%4 patients experienced 5 total grades 3--5 TRAEs, including peripheral sensory neuropathy, fatigue, decreased appetite, hypoxia, and pneumonitis; 1 patient experienced drug-related death (hypoxia)ASCO 2015 \[[@CR156]\]GCPD-L1AvelumabPhase I\
NCT0194346111PR 3 patientsAll grades 90.9%, including infusion-related reactions, hyperthyroidism, and pruritusASCO 2015 \[[@CR129]\]GCPD-L1DurvalumabPhase I\
NCT0169356216ORR 25%Any grade (multiple cancer types) 33%, including fatigue, nausea, rash, vomiting, and pyrexia; grade ≥3 (multiple cancer types) 7%ASCO 2014 \[[@CR61]\]GCPD-L1AtezolizumabPhase I\
NCT013758421PR 1patientGrades 3--4 (multiple cancer types) 39%ASCO 2013 \[[@CR134]\]

A number of clinical trials examining PD-1/PD-L blockade combination therapies in advanced gastric cancer have also been performed. The safety and efficacy were investigated for nivolumab as a single agent or in combination with ipilimumab in patients with GC (NCT01928394). Pembrolizumab was evaluated as monotherapy and in combination with cisplatin + 5-fluorouracil in participants with recurrent or metastatic GC/GEC (NCT02335411). Durvalumab monotherapy, durvalumab in combination with tremelimumab, or tremelimumab monotherapy are currently being assessed for the treatment of metastatic or recurrent GC/GEC (NCT02340975).

Hepatocellular carcinoma and biliary tract cancer {#Sec6}
-------------------------------------------------

Hepatocellular carcinoma (HCC) is the most common primary liver malignancy \[[@CR37]\]. The overall prognosis of HCC patients is poor, and the 5-year survival rate is as low as 12% \[[@CR38], [@CR39]\]. A large portion of patients are ineligible for curative resection or transplantation and can only be treated with locoregional therapy or sorafenib, in part because of the late appearance of symptoms \[[@CR40]\]. The immune escape pathways of HCC are complex, involving perturbations of antigen presentation and immune effector function, disarray of cytokine profiles, and alterations of immune checkpoint molecules \[[@CR41]--[@CR44]\]. In these mechanisms, PD-1 and PD-L1 play an important role in immune checkpoints. PD-L1 expression ranges from 45 to 100% in HCC samples, and this molecule is highly expressed in tumors and the surrounding antigen-presenting cells \[[@CR45]--[@CR48]\]. Overexpression of PD-L1 is associated with significantly aggressive clinicopathologic features and shorter disease-free survival compared with patients with lower expression levels \[[@CR47], [@CR49]\]. Therapeutically, PD-L1 blockade was found to inhibit the growth of HCC tumors in a preclinical xenograft model \[[@CR50]\].

Nivolumab was evaluated in a HCC-specific phase I/II study \[[@CR51]\]. A total of 262 HCC patients were enrolled. A phase I dose-escalation study evaluated nivolumab (*n* = 48), and a phase II dose-expansion study was initiated in four cohorts (*n* = 214): sorafenib intolerant/naïve, sorafenib progressors, HBV infected and hepatitis C infected. During dose escalation, no maximum tolerated dose was reached. In the dose expansion phase, the ORR was 20% and the 9-month OS rate was 74%. The median duration of response (DOR) was 9.9 months, and the disease control rate (DCR) was 64%. ORRs of 21 and 23% were observed in the uninfected sorafenib-treated and intolerant/naive patients, respectively (Table [3](#Tab3){ref-type="table"}).Table 3The key reported clinical trials of of PD-1/PD-L inhibitors in patients with hepatocellular carcinoma and biliary tract cancerTumor typeTargetDrugPhase and identificationSample sizeClinical end pointTRAEsReferenceHCCPD-L1DurvalumabPhase I/II\
NCT0169356239ORR 10.3%; DCR 33.3%; median OS 13.2 months; 9-month OS rate 62.3%; 12-month OS rate 56.4%All grades 80.0%, including fatigue, pruritus, elevated AST; Grades 3--4 20.0%, including elevated AST and elevated ALT.ASCO 2017 \[[@CR131]\]HCCPD-1NivolumabPhase I/II\
NCT01658878262ORR 23% (sorafenib-naive), 16--19% (sorafenib-experienced); DCR 63% (sorafenib-naive); 12- month OS rate 73% (sorafenib-naive), 60% (sorafenib-experienced)All grade 77%; Grade ≥3 23.5%, including elevated AST and elevated ALT.ASCO 2017 \[[@CR157]\]HCCPD-1NivolumabPhase I/II\
NCT01658878262ORR 20% (dose expansion phase), 23% (sorafenib-naive), 21% sorafenib-treated); median DOR: 9.9 months (dose expansion phase), DCR 64% (dose expansion phase); 9-month OS rate 74% (dose expansion phase)Grades 3--4 20%ASCO 2017 \[[@CR158]\]HCCPD-1NivolumabPhase I/II\
NCT0165887848ORR 15%; median OS 15.1 months; median DOR 23.7 months; 12-month OS rate 59%; 18-month OS rate 48%All grade 77%, including rash and AST increase; Grades 3--4 20%, including AST increase, lipase and ALT increaseASCO 2016 \[[@CR159]\]HCCPD-1NivolumabPhase I/II\
NCT0165887839ORR 23%; CR 5%; PR 18%; 6-month OS rate 72%Any grade 71%, including AST increase, amylase increase, rash, ALT and lipase increase; grades 3--4 17%, including AST increase, ALT increase and lipase increaseASCO 2015 \[[@CR160]\]HCCPD-L1DurvalumabPhase I/II\
NCT016935622112-month DCR 21%Any grade (multiple cancer types) 33%, including fatigue, nausea, rash, vomiting, and pyrexia; grade ≥3 (multiple cancer types) 7%ASCO 2014 \[[@CR61]\]BTCPD-1PembrolizumabPhase Ib\
NCT0205480624ORR 17%; SD 17%; PD 17%All grade 63%, including pyrexia and nausea; grades 3--4 17%, including anemia, autoimmune hemolytic anemia, colitis, and dermatitisECCO 2015 \[[@CR55]\]

To further increase the anti-tumor response, it is likewise necessary to disrupt the HCC-associated immune tolerance using combination approaches. Chen et al. reported that sorafenib promoted anti-tumor immunity by reducing PD-1^−^ and Treg^−^-mediated immunosuppression in a mouse model \[[@CR52]\]. Nivolumab combined with ipilimumab, another immune checkpoint antibody, is currently being investigated in patients with advanced liver cancer (NCT01658878). Clinical trials of PD-1/PD-L1 blockade combined with molecular targeting are also in progress, such as pembrolizumab plus lenvatinib, a multiple receptor tyrosine kinase inhibitor that works by blocking certain proteins from helping tumor cells divide and grow (NCT03006926), and nivolumab plus galunisertib, a small molecule inhibitor that blocks the transforming growth factor-beta signaling pathway, which plays an important role in epithelial-mesenchymal transition of tumors (NCT02423343).

The expression of PD-L1 was upregulated in intrahepatic cholangiocarcinoma (ICC) tumor tissue and was found to be associated with poor survival, suggesting that PD-1/-L1 inhibitors may serve as adjuvant therapy \[[@CR53], [@CR54]\]. In the phase 1 study evaluating pembrolizumab monotherapy for patients with advanced biliary tract cancer (BTC), 24 patients with PD-L1-positive BTC were recruited \[[@CR55]\]. The ORR was 17%, and 17% patients had PD. The median DOR was not reached, and the therapy was well tolerated (Table [3](#Tab3){ref-type="table"}).

Pancreatic cancer {#Sec7}
-----------------

Despite a deep understanding of the genetic mechanisms underlying pancreatic cancer (PC), current therapies for this malignancy are still limited \[[@CR56]\]. The immunosuppressive environment surrounding pancreatic tumor appears to be one of major obstacles to the development of successful therapies for this fatal disease \[[@CR57]\]. Advances in our understanding of the coordinated activation and immune suppressive mechanisms in PC have led to immunotherapy as a promising approach \[[@CR58]\]. In the field of immunocheckpoint inhibitors, CTLA-4 and PD-L1 inhibitors have been studied in PC patients in two clinical trials. A study of ipilumumab, a CTLA-4 inhibitor, in 27 patients with advanced PC was performed \[[@CR59]\]. There were no responders, but one patient experienced a delayed response after initial progressive disease. Similarly, no objective response (complete or partial response) was observed in 14 PC patients treated with MDX1105-01, an anti-PD-L1 antibody \[[@CR60]\]. Although only a small number of patients received treatment in two trials, the efficacy of immunotherapy for PC has been questioned with such a low response rate. Fortunately, another immunocheckpoint inhibitor, durvalumab, showed activity against PC \[[@CR61]\]. The 12-week DCR was 21% (6 of 29 patients), and the ORR was 7% (2 of 29 patients). However, the response rate remains discouraging and may be improved by combination therapy (Table [4](#Tab4){ref-type="table"}).Table 4The key reported clinical trials of PD-1/PD-L inhibitors in patients with pancreatic cancerTumor typeTargetDrugPhase and identificationSample sizeClinical end pointTRAEsReferencePCPD-L1DurvalumabPhase I/II\
NCT0169356229ORR 7%; 12-week DCR 21%Any grade (multiple cancer types) 33%, including fatigue, nausea, rash, vomiting, and pyrexia; grade ≥3 (multiple cancer types) 7%ASCO 2014 \[[@CR61]\]PCPD-L1MDX1105-01Phase I14ORR 0%Grades 3--4 (multiple cancer types) 9%The New England Journal of Medicine \[[@CR60]\]

Colorectal cancer {#Sec8}
-----------------

The majority of colorectal cancers (CRCs) develop through a CIN pathway, and approximately 15% show defective mismatch repair (dMMR), which can be measured by either the presence of MSI9 or by the lack of DNA mismatch repair proteins \[[@CR62], [@CR63]\]. dMMR tumors can have MSI (also called MSI-high) and a somatic mutation frequency more than 10 to 100 times those of proficient MMR (pMMR) tumors \[[@CR64], [@CR65]\]. Many studies have shown that dMMR predicts responsiveness to the immune checkpoint blockade \[[@CR66], [@CR67]\].

The clinical activity of immune checkpoint blockade with pembrolizuma was evaluated in a phase II study conducted by Le and colleagues \[[@CR68]\]. Pembrolizumab was administered to 28 patients with dMMR CRCs and 25 patients with pMMR CRCs. In the dMMR group, the ORR was 50% (14 of 28 patients) and the DCR was 89% (25 of 28 patients). In the pMMR group, 0 of 25 patients (0%) had an objective response, and 4 of 25 patients (16%) had disease control. The median OS was not reached for dMMR and at 6 months for pMMR. For dMMR CRC, the 24-month PFS was 61% and the 24-month OS was 66%. This study suggests that dMMR can be used as a predictor of the clinical benefits of pembrolizumab. However, it is regrettable that patients with pMMR CRCs showed inferior immunotherapy results.

An important phase II study evaluating the clinical activity of nivolumab in patients with dMMR/MSI-H mCRC was reported at the 2017 Gastrointestinal Cancers Symposium of the American Society of Clinical Oncology (ASCO) \[[@CR69]\]. Seventy-four patients were treated with nivolumab. The primary endpoint was ORR assessed by the investigator (INV), and the secondary endpoint was ORR assessed by an independent radiology review committee (IRRC). The ORRs were 31% (INV) and 27% (IRRC), and the DCRs were 69% (INV) and 62% (IRRC). The median time to response was approximately 2.7 months (INV/IRRC). Responses were observed in dMMR/MSI-H mCRC patients regardless of the BRAF or KRAS mutation status, tumor PD-L1 expression level and with or without a clinical history of Lynch syndrome.

In these trials, PD-1 inhibitor demonstrated clear efficacy in patients with MSI-H CRC; however, MSS CRC patients still had a low response to PD-1 inhibitor. Fortunately, preclinical studies performed in mice have shown that MEK inhibitors lead to the upregulation of MHC I on tumor cells, inducing T cell infiltration and enhancing PD-L1 activity \[[@CR70]\]. Therefore, Bendell and colleagues conducted a clinical trial combining cobimetinib (a MEK inhibitor) and atezolizumab in 23 CRC patients, and the ORR was 17% \[[@CR70]\]. Four patients had a partial response, of which three patients were pMMR and one patient was unknown; five patients had SD. The combination of PD-L1 blockade and MEK inhibitors showed a benefit for MSS patients, providing a new immunotherapy method for MSS tumors (Table [5](#Tab5){ref-type="table"}).Table 5The key reported clinical trials of of PD-1/PD-L inhibitors in patients with colorectal cancerTumor typeTargetDrugPhase and identificationSample sizeClinical end pointTRAEsReferenceCRCPD-1Pembrolizumab + mFOLFOX6Phase II\
NCT0237567230ORR 53%; SD 47%; 8-week DCR 100%; median PFS: not reachedGrades 3--4 36.7% (pembrolizumab + mFOLFOX6), 13.2% (pembrolizumab alone)ASCO 2017 \[[@CR161]\]CRCPD-1PembrolizumabElectronic medical record19ORR 52%; CR 5%; PR 47%; SD 16%; DCR 68%; median OS 16.1 months; 12-month OS rate 79%; median PFS not reached; 12-month PFS rate 54%Data not availableASCO 2017 \[[@CR162]\]CRCPD-1Nivolumab + ipilimumabPhase II\
NCT0206018827ORR 41%; SD 52%; DCR (≥12 weeks) 78%; medians for DOR, PFS and OS: not reachedGrades 3--4 37%ASCO 2017 \[[@CR163]\]CRCPD-1NivolumabPhase II\
NCT0206018874ORR 31% (INV), 27% (IRRC); DCR 69% (INV), 62% (IRRC); 12-month PFS rate 8.4% (INV), 45.6% (IRRC); median OS not reached; DOR not reached; 6-month OS rate 83.4%; 12-month OS rate 73.8%Grades 3--4 20%ASCO 2017 \[[@CR69]\]CRCPD-1PembrolizumabPhase II\
NCT0187651153ORR 50% (dMMR), 0% (pMMR); DCR 89% (dMMR), 16% (pMMR); median PFS: not reached (dMMR); 2.4 months (pMMR); median OS: not reached (dMMR); 6 months (pMMR)Data not availableASCO 2016 \[[@CR68]\]CRCPD-L1Atezolizumab + cobimetinibPhase I\
NCT0198889623ORR 17%Grades 3--4 34.8%ASCO 2016 \[[@CR70]\]CRCPD-1Nivolumab; Nivolumab + IpilimumabPhase II\
NCT0206018882ORR (MSI-H) 27% (nivolumab 3 mg/kg), 15% (nivolumab 3 mg/kg + ipilimumab 1 mg/kg); median PFS (MSI-H) 5.3 months (nivolumab 3 mg/kg), not reached (nivolumab 3 mg/kg + ipilimumab 1 mg/kg); median OS (MSI-H) 16.3 months (nivolumab 3 mg/kg), not reached (nivolumab 3 mg/kg + ipilimumab 1 mg/kg)Any grade (MSI-H): 79% (nivolumab 3 mg/kg), 85% (nivolumab 3 mg/kg + ipilimumab 1 mg/kg), including diarrhea and fatigue and diarrhea; Grades 3--4 (MSI-H) 21% (nivolumab 3 mg/kg), 31% (nivolumab 3 mg/kg + ipilimumab 1 mg/kg)ASCO 2016 \[[@CR67]\]CRCPD-1Pembrolizumab + radiotherapy/ablationPhase II\
NCT0243707119interim ORR 9% (pembrolizumab + radiotherapy), 0% (pembrolizumab + ablation)Any grade 73%, including fatigue, rash, and nauseaASCO 2016 \[[@CR164]\]CRCPD-1PembrolizumabPhase II\
NCT0187651141ORR 40% (dMMR CRC), 0% (pMMR CRC), 71% (dMMR other cancers); DCR 90% (dMMR CRC), 11% (pMMR CRC), 71% (dMMR other cancers); median PFS: not reached (dMMR CRC); 2.2 months (pMMR CRC); OS: not reached (dMMR CRC); 5.0 months (pMMR CRC)Data not availableASCO 2015 \[[@CR165]\]

Anal cancer {#Sec9}
-----------

Anal cancer accounts for 2--3% of GI cancers, including squamous cell carcinomas (SCCs), adenocarcinomas, basal cell carcinomas, melanomas and gastrointestinal stromal tumors (GIST) \[[@CR71]\]. As the most common malignancy of anal cancer, anal cancer SCC is a rare malignancy associated with infection by human papillomavirus (HPV). Approximately 90% of anal cancers are attributable to HPV infection, and further risk factors for the development of this disease are linked to immune inhibition and autoimmune disorders \[[@CR72]\]. Moreover, intratumoral HPV oncoproteins (E6 and E7) upregulate immune checkpoint proteins such as PD-1 to evade immune-mediated cytotoxicity. Therefore, the anti-PD-1 antibody possibly has potent antitumor effectiveness in anal cancer.

NCT02314169 explored the use of the anti-PD-1 antibody nivolumab for the treatment of metastatic SCC of anal cancer \[[@CR73]\]. According to the phase 2 results, 37 patients were enrolled and analyzed, all patients received at least one dose of nivolumab and 9 (24%) patients had responses (2 had a complete response and 7 had a partial response). The median PFS was 4.1 months. The 6-month PFS was 38%. The median OS was 11.5 months, and the estimated 1-year OS was 48%. These outcomes indicate that immune checkpoint blockade appears to be a promising approach for patients with SCC of anal cancer. In trial NCT 02314169, all the patients had HPV infection. The high prevalence and association of HPV with anal cancers led to the postulate that the viral interaction of host tumor cells and the surrounding microenvironment could affect immune responses to immune checkpoint inhibitors (Table [6](#Tab6){ref-type="table"}).Table 6The key reported clinical trials of of PD-1/PD-L inhibitors in patients with anal cancerTumor typeTargetDrugPhase and identificationSample sizeClinical end pointTRAEsReferenceACPD-1PembrolizumabPhase I\
NCT0205480625ORR (SCCA) 17%; SD (SCCA) 42%; DCR (SCCA) 58%; SD (NSCCA) 1 patientAny grade 64%, including diarrhea, fatigue, nauseaAnnals of Oncology 2017 \[[@CR166]\]SCCAPD-1NivolumabPhase II\
NCT0231416937ORR 24%Common AEs: anemia, fatigue, and rash; grade 3 AEs: anemia, fatigue, rash, and hypothyroidism.Lancet Oncology 2017 \[[@CR73]\]SCCAPD-1NivolumabPhase II\
NCT0231416933PD 21%; SD 58%; DCR 79%; median PFS 4.1 monthsCommon AEs: fatigue, nausea, and rash; grade 3: 6 patients, including fatigue pneumonitis, rash, anemia, and hyperglycemia.ASCO 2016 \[[@CR130]\]SCCAPD-1PembrolizumabPhase Ib\
NCT0205480625ORR 20%; SD 44%; PD 32%Any grade 64%, including fatigue, diarrhea and nausea; grades 3--4 8%, including grade 3 general physical health deterioration and grade 3 thyroid-stimulating hormone increasedECCO 2015 \[[@CR132]\]

The road toward PD-1/PD-L blockade precision therapy {#Sec10}
====================================================

Precision medicine is broadly defined as "an emerging approach for disease treatment and prevention that takes into account individual variability in genes, environment, and lifestyle for each person" \[[@CR74]\]. In the last 5 years, anti-PD-1/PD-L immune checkpoint antibodies have achieved impressive successes in GI cancers \[[@CR75]\]. However, a considerable proportion of cancer patients did not respond to PD-1/PD-L, and the drug was not widely available in cancer patients due to its high price. These limitations resulted in challenges for clinical oncologists to develop safer, cheaper and more effective PD-1/PD-L immunotherapies for individual patients, targeting PD-1/PD-L toward precision immunotherapy (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2The precision immunotherapy paradigm. GI cancers (*star*) escape the host immune response through the PD-1/PD-L pathway. Although the emergence of PD-1/PD-L blockade has renewed hope in immunotherapy, the response to PD-1/PD-L blockade is not as high as expected. The path toward precision immunology to improve efficiency includes six particularly important steps. The initial step in this process is to identify the population suitable for medication at the time of diagnosis for precision therapy. Once the drug is administered at the optimal time, the patient's physical condition should be closely monitored, and side effects caused by the drug should be recognized in a timely manner. Concurrently, the efficacy of the drug should be properly evaluated. Upon disease progression, attempts should be made to overcome drug resistance to maintain efficacy. In addition, there is a need to improve the cost-effectiveness ratio to benefit more people. Through these efforts, precision immunotherapy of PD-1/PD-L blockade will become a reality

Precision of PD-1/PD-L inhibitor consumers {#Sec11}
------------------------------------------

### Screening of the population suitable for PD-1/PD-L inhibitors {#Sec12}

#### PD-L1 and PD-L2 expression {#FPar1}

Patients with increased tumor cell and TIL expression of PD-L1 have demonstrated trends toward increased rates of a response to anti-PD1/PD-L1 inhibitors across various clinical trials \[[@CR76]\]. However, the detection of PD-L1-negative expression by IHC does not imply a lack of response. Many patients defined as PD-L1-negative using such a biomarker also benefit from PD-1/PD-L inhibitor treatment \[[@CR77], [@CR78]\]. Consequently, PD-1/PD-L inhibitors that utilize PD-L1 as an exclusive predictive biomarker are questionable due to many factors \[[@CR79]\]. First, the expression of PD-L1 in the tumor has been shown to undergo dynamic changes in different stages of the disease, so the results may be affected by the time of biopsy \[[@CR76]\]. Second, there may be considerable heterogeneity in PD-L1 expression within the same cancer as well as between cancer sites, and thus multi-regional sampling is taken into account \[[@CR79]\]. Third, PD-L1 expression may not occur simultaneously in immune cells and/or cancer cells \[[@CR80]\]. In addition, the cutoff valve of PD-L1 positivity has been defined in different studies, thereby altering the prevalence \[[@CR81], [@CR82]\]. Finally, different researchers may use different antibodies and experimental techniques, further affecting interpretations of the results \[[@CR83], [@CR84]\]. Based on the above uncertainty, interest has been increasing in the search for alternative biomarkers for responses to immunotherapy. PD-L2 scoring is being evaluated and may provide additional strategies to improve the prediction of PD-1/PD-L inhibitor responses \[[@CR85]\]. Yearley and colleagues evaluated the expression of PD-L2 in 172 head and neck squamous cell carcinoma patients treated with pembrolizumab, and they found that PD-L2 positivity was independently associated with longer median durations of OS and PFS \[[@CR85]\].

#### Tumor mutation burden {#FPar2}

The tumor mutation burden (TMB) is measured by the overall number of somatic protein encoding mutations in the tumor \[[@CR86]\]. Tumor cells harboring somatic mutations may produce neoantigens, and the recognition of neoantigens by T cells appears to be crucial for the activity of checkpoint inhibitor immunotherapies \[[@CR26], [@CR87]\]. Alexandrov et al. studied the number of mutations in various cancer types and found that lung cancer, melanoma, and bladder cancer with a high mutational load had a high response rate to checkpoint inhibitors \[[@CR88]\]. Recently, a study using genomic sequencing investigated the association between TMB and the response to immunotherapy in different solid cancer patients \[[@CR86]\]. This study also showed that higher TMB in tumors was associated with a greater likelihood of a response to immunotherapy, regardless of the primary site of cancer. TMB is an informative biomarker in patients who are given an anti-PD-1/PD-L inhibitor. However, it is necessary to explore the best detection methods and cutoff value for the TMB in each tumor. In addition, PD-L1 expression is a relatively mature predictor of the immune response. Techniques to combine TMB and PD-L1 to screen to optimize responses to immunotherapy are also a focus of future studies.

#### MSI/MMR status {#FPar3}

The MSI/MMR status can be determined by polymerase chain reaction (PCR) or IHC at specific microsatellite foci \[[@CR89], [@CR90]\]. We have demonstrated above that colorectal cancer with dMMR is sensitive to anti-PD-1 antibodies. Additionally, patients with dMMR non-colorectal cancer present responses similar to those of patients with dMMR colorectal cancer \[[@CR66]\]. Le et al. investigated the efficacy of PD-1 blockade in patients with advanced dMMR cancers across 12 different tumor types \[[@CR91]\]. DCR, ORR and CR were observed in 77, 53, and 21% of patients, respectively. These data suggest that dMMR status has predictive significance for anti-PD-1-directed therapy in all types of cancer patients, regardless of the original tumor location. The Food and Drug Administration (FDA) has granted accelerated approval to pembrolizumab as a treatment for patients with MSI-H or dMMR cancer. This is the first drug based on the biomarker of the tumor, without regard to the cancer tissue origin.

#### Neoantigens, neoantigen intratumoral heterogeneity and MHC antigens {#FPar4}

Neoantigens generally established by either somatic mutation genes or viral genes and presented by MHC on the surface of tumor cells have the potential to induce specific anti-tumoral immunity \[[@CR92]\]. Next-generation sequencing technology has shown that there are many neoantigens in tumor tissue that may serve as targets for immunotherapies. A study of 110 melanoma patients treated with ipilimumab and analyzed by whole-exome sequencing showed that the neoantigen load served as predictive markers associated with the clinical benefit of ipilimumab \[[@CR93]\]. Higher neoantigen burden in tumors was also associated with improved OS, PFS, and durable clinical benefit in NSCLC patients treated with pembrolizumab \[[@CR26]\]. In addition, low neoantigen intratumoral heterogeneity may also be important for immune checkpoint inhibitors responses \[[@CR94]\]. Melanoma patients with low neoantigen intratumor heterogeneity have shown longer survival times in response to pembrolizumab \[[@CR94]\]. In those receiving the neoantigen, the expression of MHC antigens may play a role in the efficacy of immunotherapy \[[@CR95]\]. Wang et al. reported that compared with anti-PD1-sensitive tumors, MHC was significantly downregulated in anti-PD1-resistant tumors \[[@CR96]\]. Johnson and colleagues showed that the MHC positivity on tumor cells was associated with OS and PFS in a cohort of anti-PD-1-treated melanoma patients \[[@CR95]\].

#### Other potential biomarkers and combined biomarkers {#FPar5}

Alternative biomarkers, such as tumor etiology, the presence or absence of TILs, composition of TIL effectors, circulating cytokine levels, neutrophil-to-lymphocyte ratio, and baseline and on-treatment immune effector composition, appear to correlate with antitumor activity and represent desirable predictors of responses to immunotherapy \[[@CR97], [@CR98]\]. Charoentong et al. revealed genotype--immunophenotype relationships in a pan-cancer immunogenomic analysis and developed a scoring scheme for the quantification, which was termed the immunophenoscore, which predicts the response to PD-1 blockade \[[@CR99]\]. Strategies for combining two or more approaches of capturing the immune status of the tumor microenvironment may be more effective as a composite predictive biomarker for the response to anti-PD-1 or anti-PD-L1 monotherapy \[[@CR94]\]. Even if the TIL density is low, high expression levels of PD-L1 can be detected in the tumor \[[@CR100]\]. Additionally, tumors with high TIL counts may not express PD-L1 \[[@CR101]\]. In these two cases, the clinical activity of anti-PD-1/L therapies may be low, but if the expression of PD-L1 or density of TILs alone is used as a biomarker, it may provide an inaccurately high prediction. In a phase I/II trial of 174 advanced HCC patients treated with nivolumab who could be evaluated for PD-L1 expression, objective responses were observed in 19% of 140 patients with PD-L1 \<1 and 26% of 34 patients with PD-L1 ≥1% \[[@CR51]\].There was no significant difference in the OS rate between groups based on the expression of PD-L1. One possible reason for these findings is that only the expression of PD-L1 was considered in the trial, without considering the number of infiltrating TILs. If only PD-L1 is overexpressed without infiltration of cytotoxic T lymphocytes, immune checkpoint inhibitors are naturally ineffective toward such "cold tumors." The combination of CD8 protein and PD-L1 expression may predict patients who will respond to nivolumab. Therefore, the combination of biomarkers is a potential research direction for clinical trials. The future development of an effective biomarker for predicting responses to anti-PD-1 or anti-PD-L1-based therapies will integrate multiple methods for optimal characterization of the immune tumor microenvironment.

### Turning patients with no response to PD-1/PD-L inhibitor into those with a response to PD-1/PD-L inhibitor and improving efficacy {#Sec13}

Immunotherapy can provide patients with a better clinical effect, and we also note that unselected patients who receive anti-PD-1 and anti-PD-L1 immunotherapy have a response rate of only approximately 20%, necessitating other treatment strategies to allow the remaining 80% non-responders to be converted to responders. Radiation therapy has the advantage of interfering with the primary tumor site and potentially restoring some of the established immunosuppressive barriers present in the tumor microenvironment, ideally restoring the primary tumor as an effective immunogenic center. Local radiation also triggers a systemic effect that can be used in combination with immunotherapy to elicit a response external to the radiation field \[[@CR102]\]. Two trials have examined the combination of nivolumab with radiation therapy in glioblastoma (NCT02617589) and advanced non-small cell lung cancer (NCT02768558). High levels of vascular endothelial growth factor (VEGF) hinder dendritic cell functions, and VEGF-targeted therapy enhances immune checkpoint molecule expression by reducing VEGF levels, suggesting that the combination of PD-1/PD-L and VEGF antibody merit further study \[[@CR103]\]. A clinical trial using a combination of bevacizumab (anti-VEGF antibody) and ipilimumab has reported beneficial initial results in melanoma patients \[[@CR104]\]. Dual immune checkpoint blockade by combining anti-PD-1 and anti-CTLA-4 treatment also enhances anti-tumor effects by targeting different activation mechanisms of T cells. In a study of patients with advanced melanoma, treatment with a combination of nivolumab and ipilimumab or nivolumab alone resulted in significantly longer PFS and higher ORR than ipilimumab alone \[[@CR105]\]. Therefore, the development of strategies for future treatments combining PD-1/PD-L blockade with chemotherapy, radiotherapy, targeted agents and or other immunotherapy agents, especially for cancer patients with negative or weakly positive PD-L1 expression, will be taken into account. However, with the increase in response rates, a greater number of immune-related adverse events have also been observed, and many patients have been unable to complete the combination therapy in clinical trials, resulting in concerns about a trade-off between drug tolerance and efficacy in combination therapy.

### Possible unsuitability of PD-1/PD-L inhibitor users {#Sec14}

Although anti-PD-1/L monotherapy can lead to profound and sustained tumor responses in some cases, a small subset of patients treated with anti-PD-1/L inhibitor appear to exhibit hyperprogression of disease (HPD) \[[@CR106]\]. Compared with before treatment, the tumor growth rate (TGA) and clinical deterioration of these patients were greatly accelerated \[[@CR107]\]. Champiat and colleagues defined HPD as a ≥2-fold increase in the tumor growth rate in patients with disease progression and estimated that at least 9% of cases overall are likely to present HPD \[[@CR106]\]. Thus, it is imperative to identify predictors of HPD, some of which include the following: (1) HPD significantly correlates with older age, especially an age ≥65 years \[[@CR106]\], which may be due to the different immune background of elderly patients \[[@CR108], [@CR109]\]. Patients older than 65 years should be pay greater attention when using anti-PD-1/PD-L1. (2) HPD is associated with regional recurrence \[[@CR110]\]. Prior irradiation may play a key role since almost all cases of hyperprogression occur in patients with at least locoregional recurrence at the site of irradiation \[[@CR110]\]. (3) Some patients with MDM2/4 amplification or EGFR aberrations have shown remarkably accelerated TGA after anti-PD1/PD-L therapy, indicating the need for caution in the presence of these genomic spectra \[[@CR107]\]. Hyperprogression may result from the ability of MDM2 amplification to inhibit the p53 tumor suppressor \[[@CR111]\]. Individuals with these risk factors treated with anti-PD1/PDL1 monotherapy should be closely monitored.

Optimal timing of implementing a PD-1/PD-L inhibitor {#Sec15}
----------------------------------------------------

Although combination therapy is becoming more prevalent, few studies are designed to optimize clinical efficacy based on the timing of administration. In fact, timing is another critical factor for determining the outcome of immunotherapy, and the optimal timing varies \[[@CR112]\]. Radiation therapy of tumors modulates the peptide repertoire, resulting in a dose-related increase in MHC class I expression \[[@CR113], [@CR114]\]. Maximum loading of the tumor stroma with tumor antigen occurred 2 days following high-dose radiation \[[@CR115]\]. Many pre-clinical and clinical immunotherapies targeting T cells therefore are applied closely following radiation \[[@CR116], [@CR117]\]. These approaches have been shown to increase the tumor-antigen specific immune response to varying degrees. A retrospective study evaluated the OS of metastatic lung cancer patients who received radiotherapy within 30 days preceding (Before) or during (Sandwich) nivolumab treatment \[[@CR118]\]. Among 76 metastatic lung cancer patients treated with nivolumab, 22 received radiotherapy---10 Before and 12 Sandwich. The median OS for patients with no radiotherapy was 4.8 months; Before was 5.2 months and Sandwich was not reached. An improvement in OS was observed when radiotherapy was administered as a Sandwich approach during nivolumab treatment. Alterations in the drug design also resulted in different immunogenic properties. Chemotherapeutic drugs may modulate the tumor and its microenvironment to potentiate anti-tumor immune responses \[[@CR119]\]. A phase II study of advanced lung cancer assessed the activity of ipilimumab in combination with chemotherapy \[[@CR120]\]. In that study, 204 patients were randomly assigned 1:1:1 to receive chemotherapy alone or four doses of ipilimumab plus chemotherapy followed by two doses of placebo plus chemotherapy or two doses of placebo plus chemotherapy followed by four doses of ipilimumab plus chemotherapy. The median OS was 8.3, 9.7, and 12.2 months, respectively, which suggested that chemotherapy followed by immunotherapy plus chemotherapy may achieve better efficacy. Many targeted therapies can modulate T cell proliferation and the immune response to tumor antigens \[[@CR121]\]. The mTOR pathway has been well characterized in the modulation of cell growth and metabolism \[[@CR122]\]. When administered prior to immunostimulation, mTOR inhibitor may amplify the population of regulatory T cells, whereas continuous mTOR inhibition after immunostimulation may hinder both regulatory T cells and effector T cells equally, indicating that the optimal timing of particular combinations of targeted agents and immunotherapy must also be precisely investigated to maximize anti-tumor effects \[[@CR122], [@CR123]\]. However, additional data are needed to guide clinical practice. In addition, cancer-specific immunotherapy may be greater with a lower tumor burden \[[@CR124]--[@CR126]\]. Therefore, cancer patients should receive PD-1/PD-L inhibitor treatment in the early stage rather than the advanced stage of tumor development.

Timely identification and close monitoring of adverse effects {#Sec16}
-------------------------------------------------------------

Immunotherapy can result in a unique spectrum of immune-related adverse effects (irAEs) \[[@CR76]\]. However, anti-PD-1 or anti-PD-L1 antibodies are well tolerated at a wide range of therapeutic doses compared with molecular-targeted agents and cytotoxic anticancer agents, which also damage the quality of life of patients \[[@CR127]\]. In patients with GI cancers, irAEs of any grade appear in 26--90.9% of patients \[[@CR36], [@CR128], [@CR129]\]. Common irAEs include anemia, vomiting, nausea, pyrexia, fatigue, rash, colitis, increased thyroid-stimulating hormone, and elevated aspartate aminotransferase (AST) and alanine aminotransferase (ALT) \[[@CR55], [@CR61], [@CR73], [@CR130]--[@CR132]\]. It is noteworthy that predictable irAE patterns were observed in such patients; early onset of dermatological and gastrointestinal toxicity, late emergence of liver toxicity or endocrine disorders. Many of these adverse events can be controlled by withdrawing the PD-1 and PD-L1 inhibitors and initiating steroid therapy. Additionally, grades 3--4 irAEs including autoimmune hemolytic anemia, hepatitis, inflammatory colitis and pneumonitis were observed in 7--39% of patients with GI tumors receiving single PD-1/PD-L1 blockade \[[@CR61], [@CR133], [@CR134]\]. Colitis and pneumonitis are monitored very closely in all patients on PD-1 blockade. When combined with other agents (especially other immunotherapeutic agents), the incidence and severity of these adverse events are amplified \[[@CR67]\]. If serious grades 3--4 toxicity occurs, intravenous steroids should be administered, and the checkpoint inhibitors should be discontinued permanently. In addition, it is well established that the incidence of irAE with PD-1/PD-L1 inhibitors is underestimated in clinical trials. Patients in the real world may be frailer with more complications than patients in clinical trials, indicating that entire irAEs are expected to be much higher in the real world. It is expected that ongoing trials will further reduce risk and improve the clinical efficacy of PD-1 and PD-L1 inhibitors by raising awareness, identifying, and managing these risks over time.

Developing optimal response criteria {#Sec17}
------------------------------------

There are several criteria for assessing tumors, including the World Health Organization (WHO), modified WHO, RECIST 1.0, RECIST 1.1, and modified RECIST criteria. RECIST and mWHO criteria are used in clinical trials to assess responses to cytotoxic chemotherapy \[[@CR38], [@CR135]\]. Unlike responses observed using conventional cytotoxic chemotherapy, immunotherapy is associated with alternative clinical response patterns. In some cases, a small percentage of patients exhibit early visible progression of the disease by RECIST criteria before a long-term immune-related clinical response. Because of inflammatory cell infiltration and/or necrosis, pseudoprogression occurs after PD-1/PD-L blockade in several solid tumors, and an improved outcome is apparent in these patients \[[@CR98], [@CR136]\]. Moreover, PD-1/PD-L blockade affects the host anti-tumor response, which requires some time to achieve a measurable or sustained clinical efficacy compared to conventional cytotoxic chemotherapy. Consequently, immune-related response criteria (irRC) were developed to evaluate the efficacy of PD-1/PD-L blockade \[[@CR137]\]. All lesions are considered with the total tumor burden evaluated at each scan rather than a defined target lesion using irRC criteria. Suspected disease progression in asymptomatic patients in one scan requires confirmation of the scan in approximately four to six weeks, during which time the patient can remain on treatment \[[@CR97]\]. IrRC can more accurately assess the response to anti-PD-1/L therapy compared with RECIST or WHO criteria \[[@CR138]\]. However, irRC is also facing many challenges. For example, tumor burden is the sum of all the target lesions, which accounts for high interobserver variability, and measuring tumor burden is time consuming \[[@CR139]\]. Future perspective studies are needed to determine the consensus on optimal radiological criteria or the combination of criteria for patients with PD-1/PD-L blockade.

Strategies after resistance to PD-1/PD-L immunotherapy {#Sec18}
------------------------------------------------------

### Combined specific targeting drugs {#Sec19}

Despite the compelling anti-tumor efficacy of antibodies targeting the PD-1/PD-L immune checkpoint in a variety of cancers, many patients do not respond to therapy, and more concerning, the initial response of some patients to immunotherapy showing encouraging results eventually leads to drug resistance. A recent study showed that of 78 patients with melanoma treated with a PD-1 inhibitor, 42 had an objective response and 15 subsequently developed disease progression \[[@CR140]\]. The researchers analyzed and compared the whole genome sequence of tumor cells in four patients before and after treatment with the PD-1 inhibitor. One of the patient's tumor cells lost a gene called B2M, which alters the way the immune system recognizes cancer cells. Tumors from two other patients had a JAK gene mutation, limiting the ability of the immune system to kill cancer cells. These observations confirm that tumors can be resistant to PD-1 inhibitor by gene mutations \[[@CR140], [@CR141]\]. Another study revealed increased expression of TIM3 in TILs after anti-PD-1 treatment in a mouse model, and the combination of anti-PD-1 and TIM3 inhibitors significantly inhibited tumor growth and prolonged mouse survival \[[@CR142]\]. Therefore, as PD-1/PD-L pathway resistance mechanisms are being elucidated, effective treatment patterns will be established.

### Continued use of the PD-1/PD-L immune checkpoint {#Sec20}

Improved survival and tumor reduction after RECIST-defined progression was observed in a subset of patients \[[@CR143]\]. Immunotherapy can have a positive effect on the PFS effect or OS response rate due to tumor immune infiltration or delayed response \[[@CR144]\]. A phase III study of atezolizumab evaluated post-PD OS and safety in patients with non-small cell lung cancer \[[@CR144]\], in which of 168 patients with PD who continued atezolizumab treatment beyond RECIST progression (TBP), 7% achieved a subsequent response in target lesions and 49% had stable target lesions. Similarly, a subgroup analysis of patients treated with nivolumab beyond RECIST-defined progression was conducted in a phase 3 study \[[@CR143]\]. Among the 153 patients with advanced RCC TBP with nivolumab, 142 patients with pre-progression and post-progression tumor measurements were evaluable. Of all patients, 13% experienced a subsequent ≥30% reduction in tumor burden. It is noteworthy that TBP was allowed if patients tolerated therapy and showed the clinical benefit of the investigator's assessment. PD-1 treatment may be continued in previously treated patients with good physical condition. However, further research is necessary to better identify the patients who may benefit from TBP.

### Chemotherapy after resistance to PD-1/PD-L inhibitor {#Sec21}

Immune checkpoint inhibitors are active for advanced cancer patients who have progressed following chemotherapy \[[@CR145]\]. A retrospective case--control study was conducted to determine whether salvage chemotherapy could provide additional benefit to patients who have not responded to immune checkpoint inhibitors or progressed after initial response to these agents \[[@CR146]\]. Among 82 patients with advanced NSCLC, 67 patients had received a PD-1/PD-L1 inhibitor (case group) and 15 patients had received prior chemotherapy or chemoradiotherapy only (control group). Eighteen case group patients and only 1 control group patient experienced PR with salvage chemotherapy. The odds ratio for achieving PR was 0.30 (27 vs*.* 7%), and no significant differences in the likelihood of obtaining PR were found according to sex, age, tumor histology, type of salvage chemotherapy regimen and number of prior chemotherapy regimens, indicating that patients with advanced NSCLC who have progressed following treatment with a PD-1/PD-L1 checkpoint inhibitor have a 30% better chance of achieving at least PR with salvage chemotherapy compared with those who have received prior chemotherapy but not a PD-1/PD-L1 checkpoint inhibitor. Immunotherapy can alter the natural history and microenvironment of the tumor, making it more sensitive to chemotherapy. These preliminary findings may facilitate the development of a new approach to drug resistance to immunotherapy.

Improving PD-1/PD-L inhibitor cost-effectiveness {#Sec22}
------------------------------------------------

Despite advances across various tumors, it is recommended that the high cost of PD-1/PD-L1 inhibitors be carefully evaluated to ensure their economic sustainability for the health care industry and benefit to all cancer patients \[[@CR147]\]. In this regard, assessments of quality-adjusted life year (QALY) and incremental cost-effectiveness ratios (ICERs), as well as the impact of drug reimbursement patterns, are the main focuses of pharmaceutical economists \[[@CR147]\]. According to the current cost of nivolumab for metastatic RCC patients in the USA, the ICER for nivolumab vs*.* everolimus (\$151,676/QALY) is beyond the willingness-to-pay (WTP) threshold of \$100,000/QALY \[[@CR148]\]. The chance of nivolumab being cost-effective is low \[[@CR149]\]. However, nivolumab should not be overlooked due to its superior tolerability and benefit to everolimus \[[@CR149]\]. The ICER is very sensitive to the price of nivolumab \[[@CR149]\]. A cost decrease of nivolumab by 13% would take the ICER below the WTP threshold \[[@CR149]\]. If the cost is reduced by 40%, the chance of nivolumab being cost-effective would be as high as 100%; this suggests that a price reduction seems reasonable \[[@CR149]\]. In addition, nivolumab is not cost-effective compared with treatment with docetaxel for non-squamous NSCLC at the current cost in Switzerland \[[@CR150]\]. However, the cost-effectiveness of nivolumab improves by reducing the dose, treatment duration or drug price and selecting PD-L1-positivite patients \[[@CR150]\]. Although the cost-effectiveness analysis of the PD-1/PD-L1 inhibitor for GI tumor patients has not yet been reported, it is foreseeable that it will be improved by developing alternative agents, reducing drug costs and selecting appropriate patients.

Conclusion {#Sec23}
==========

The clinical data from GI tumor trials has demonstrated that immunotherapy targeting immunocheckpoints have produced exciting clinical benefits. However, the response rate is not as high as expected, and therefore treatment with PD-1/PD-L inhibitors must be subjected to precision immunotherapy to improve efficiency. Ongoing and future research should explore the genetic and molecular mechanisms involved in the response and resistance to PD-1/PD-L inhibitors and develop a correct criterion for evaluating the efficacy of PD-1/PD-L blockade. It will also be important to identify predictable and reliable combined biomarkers that will help to select patients who may benefit from PD-1/PD-L inhibitors while minimizing toxicities and maximizing cost-effectiveness. After integrating these approaches, individualized and precise immunotherapies will hopefully lead to a more effective treatment, perhaps even conquest, of GI tumors.
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